Abstract. The goal of this study was to investigate differences in the clinicopathologic and genetic characteristics of gastric and extragastric gastrointestinal stromal tumors (GISTs). We evaluated 13 extragastric GISTs and compared them with 56 gastric GISTs, which were described previously. DNA was extracted from paraffin-embedded tumor specimens, and exons 9, 11, 13, and 17 of the KIT gene and exons 12 and 18 of the platelet-derived growth factor receptor · (PDGFRA) gene were amplified by polymerase chain reaction and sequenced. Immunohistochemistry was performed for KIT, CD34, Ki-67 (as a marker of cell proliferation), and CD31 (as a marker of microvessel density), and apoptosis was assessed by in situ DNA nick end-labeling. Of the 13 extragastric GISTs 7 (54%) had a mutation in exon 11 of KIT, and 2 (15%) had a mutation in exon 13 of KIT. Deletions in exon 11 of KIT were the most common mutation encountered in the extragastric GISTs. The extragastric GISTs, especially small intestinal GISTs, showed larger deletions, leading to deletions of amino acid residues in the KIT protein, and higher vascularity than did the gastric GISTs. These data suggest that extragastric GISTs differ from gastric GISTs with respect to associated mutations and angiogenic activity.
Introduction
Gastrointestinal stromal tumor (GIST) is the most common mesenchymal tumor of the human gastrointestinal (GI) tract.
Although stromal tumors can occur throughout the GI tract from the esophagus to the rectum, they occur most frequently in the stomach (1) , less frequently in the small intestine, and least often at other sites. GISTs differ from other mesenchymal tumors histologically, immunohistochemically, and genetically (2) . Only GISTs express KIT, a proto-oncogene protein, and expression of KIT has been reported in 89-100% of GISTs (3, 4) . Sequencing of the KIT gene has revealed the presence of activating mutations in many GISTs (5) . The KIT gene encodes a receptor-type tyrosine kinase that is composed of an intracellular tyrosine kinase, a juxtamembrane (JM) region, and an extracellular domain with a ligand-binding site. The KIT ligand, stem cell factor (SCF), binds to KIT and causes receptor dimerization, activation of kinase activity, and autophosphorylation (6) . KIT mutants that undergo autophosphorylation in the absence of SCF can contribute to the growth of GISTs (5). Sommer et al (7) showed that a knock-in KIT-activating mutation was sufficient to induce development of GISTs in mice. It has been reported that a subset of GISTs that lacked KIT mutations had activating mutations in a related receptor tyrosine kinase, platelet-derived growth factor receptor · (PDGFRA) (8) . Immunostaining of PDGFRA has proved to be a helpful marker for discriminating KITnegative GISTs from other gastrointestinal mesenchymal lesions (9) .
The KIT and PDGFRA genes belong to the family of class III receptor protein tyrosine kinases (RTKs), which also includes the colony-stimulating factor I receptor, PDGFRß, and FMS-related tyrosine kinase 3 (10) . KIT and PDGFRA mutations have been found only in GISTs; cancers of other histologic types lacked such mutations (11) .
We previously reported correlations of mutations of the KIT and PDGFRA genes in gastric GISTs with cell proliferation, angiogenesis, and apoptosis (12) . In the present study, we screened 13 extragastric GISTs for mutations in exons 9, 11, 13, and 17 of KIT and in exons 12 and 18 of PDGFRA and also examined cell proliferation, angiogenesis, and apoptosis in extragastric GISTs. We compared the clinicopathologic and genetic characteristics of gastric GISTs with those of extragastric GISTs.
Materials and methods
Patients and tumor specimens. We retrospectively analyzed the clinical records of 16 patients who underwent surgical resection for mesenchymal tumor of the GI tract other than the stomach at Hiroshima University Hospital during the period 1981-2004. All patients presented with a solitary tumor. Mesenchymal tumors were identified as GISTs on the basis of positive immunohistochemical staining for KIT and/or CD34. Of the 16 tumors (81%) 13 were identified as GISTs. None of the 13 patients was treated with STI571 before surgery. For strict privacy protection, identifying information for all samples was removed prior to analysis; the procedure was in accordance with the Japanese Government's Ethics Guidelines for Human Genome/Gene Research.
Immunohistochemistry. Expression of KIT, CD34, Ki-67, and CD31 was analyzed by immunohistochemistry. A representative tissue block was collected for each case, and immunohistochemistry was performed on 4 μm-thick sections of formalin-fixed, paraffin-embedded tissues cut from these blocks. KIT and CD34 were stained with the EnVision System (Dako Cytomation, Carpinteria, CA), and Ki-67 and CD31 were examined with the LSAB2 kit (Dako Cytomation) as described previously (12) . The primary antibodies were anti-KIT (diluted 1:50; Dako Cytomation), anti-CD34 (Histofine, Tokyo, Japan), anti-Ki-67 (MIB-1, diluted 1:50; Dako Cytomation) and anti-CD31 (Dako Cytomation).
The Ki-67-labeling index (LI) was determined by light microscopy of the area with the greatest number of Ki-67-positive cells. These areas were identified by scanning tumor sections at low power (x40 and x100). The Ki-67 LI was calculated as the percentage of Ki-67-positive cells in 1,000 tumor cells examined.
Microvessel density (MVD) was determined by light microscopy examination of CD31 staining of the area with the greatest number of capillaries and small venules. Areas of high vascularity were identified by scanning of tumor sections at low power (x40 and x100). Vessels were counted in the three areas of a x400 field (x40 objective and x10 ocular; 0.189 mm 2 per field) with the greatest neovascularization, and the average count was noted.
In situ DNA nick end-labeling. DNA strand breaks due to apoptosis were detected in situ by terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end-labeling (TUNEL) with a commercial kit (ApopTag, Chemicon, Temecula, CA). This is based on the specific binding of terminal deoxynucleotidyl transferase to 3'-OH ends of DNA. We used this Table I . Clinicopathologic and genetic data of GISTs in the extragastric GISTs. 
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method to detect apoptotic cells in 4 μm-thick sections of formalin-fixed, paraffin-embedded GISTs as described previously (12) . The percentage of TUNEL-positive apoptotic cells in approximately 1,000 tumor cells was calculated.
Molecular analysis. Genomic DNA was extracted from formalin-fixed, paraffin-embedded GIST tissues. In all cases, exons 9, 11, 13, and 17 of the KIT gene and exons 12 and 18 of the PDGFRA gene were evaluated for mutations by polymerase chain reaction (PCR) amplification and direct sequencing of the amplification products as described previously (12) . To verify sequences, we performed direct sequencing of amplicons from two independent PCRs of the same template DNA. Sequencing was performed with an ABI PRISM 310 DNA sequencer (Applied Biosystems, Foster City, CA).
Statistical methods.
To evaluate the relations between locations of GISTs and clinicopathologic/genetic features, data were analyzed by ¯2 or Fisher's exact test in cross tables and by Student's t-test. The significance level was set at p<0.05 for each analysis.
Results
Clinicopathologic features. We examined 13 extragastric GISTs comprising 10 small intestinal and 3 rectal tumors. No GISTs were derived from esophagus. The clinicopathologic features of the extragastric GISTs examined in the present study are shown in Table I . Comparisons of clinicopathologic data of extragastric GISTs with those of gastric GISTs, which were previously published (12) , are shown in Table II . Of the 13 extragastric GISTs, 10 (77%) expressed both KIT and CD34, 2 (15%) expressed only KIT, and 1 (8%) expressed only CD34. The patients from whom these GISTs were obtained comprised of 8 men and 5 women, and the mean age of the patients at the time of surgical resection was 60 years (range, 25-79 years). The mean tumor size of extragastric GISTs was 6.3 cm (range, 1.5-11.0 cm), which was larger than that of gastric GISTs, although the difference was not statistically significant.
Evaluation of mutations.
Mutations were detected in 9 (69%) of 13 extragastric GISTs (Table I) . Seven (54%) of these mutations were in exon 11 and two (15%) were in exon 13 of KIT. We did not detect any mutations in exons 9 and 17 of the KIT gene or exons 12 and 18 of the PDGFRA gene. None of the analyzed tumors contained more than one of these mutations.
Of 7 GISTs that had mutations in exon 11 of the KIT gene, 6 contained simple deletions, and 1 carried a simple substitution (Fig. 1) . Deletions contained 6-51 bps, which led to deletions of 2-17 amino acid residues from the KIT protein.
None of these mutations disrupted the downstream open reading frame of the gene. In other words, all of exon 11 deletions in the present study were in-frame deletions. In all six cases, the deletions contained sequences between codons 551 and 576. The only substitution was V560D, which occurred in a mutational 'hot-spot' (2). Internal tandem duplications at the 3' end of exon 11, which has also been reported as a mutational 'hot spot' in GISTs, especially those in the stomach (13), were not found in the extragastric GISTs examined in the present study.
Two mutations, K642E and M651V, were detected in exon 13 of the KIT gene. Mutations detected in exon 13 of the KIT gene are shown in Fig. 2 . Mutations in exon 17 of the KIT gene are quite rare in GISTs (14, 15) . In the present study, no patient carried a mutation in exon 17. In all 9 extragastric GISTs with mutations, we detected wild-type KIT, indicating that only 1 of the 2 KIT alleles was mutated in these GIST samples.
Correlation between clinicopathologic/genetic features and locations of GISTs. The relations between clinicopathologic features and locations of GISTs are shown in Table II . KIT was expressed in 91% of gastric GISTs and in 92% of extragastric GISTs. CD34 was expressed in 79% of gastric GISTs and 77% of extragastric GISTs. There were no differences between gastric GISTs and extragastric GISTs with respect to sex ratio or patient age. We found that 76% of gastric GISTs and 69% of extragastric GISTs carried mutations. Extragastric GISTs tended to be larger in size than gastric GISTs, although the difference was not statically significant. A significant difference was detected in MVD as assessed with CD31 (Fig. 3) . Microvessels were more abundant in extragastric GISTs than in gastric GISTs (p=0.049). When we compared the 9 small intestinal (extragastric) GISTs with the 56 gastric GISTs, the significance of the difference increased (p=0.017). Ki-67 LI and apoptotic index showed no correlation with GIST location.
Discussion
The frequency of GISTs with mutations varied widely in previous studies (14, (16) (17) (18) . Most mutations have been found in exon 11 of the KIT gene, which contains a mutational 'hotspot' (2) . In the present study, we detected mutations in exon 11 of the KIT gene in 54% (7/13) of extragastric GISTs. Of the 7 GISTs with exon 11 mutations, 6 contained deletions, and only 1 mutation was a substitution. KIT exon 11 mutations were detected in 5 of 10 small intestinal GISTs, and all 5 mutations were deletions. We previously reported that 34 of 56 gastric GISTs (61%) harbored mutations in exon 11 of the KIT gene; 20 cases contained deletions, and 14 cases had only substitutions (12) . Therefore, deletions in exon 11 of the KIT gene appear to be more common than simple substitutions in extragastric GISTs. In our previous study, deletions in gastric GISTs comprised of 1-6 amino acid residues (12) . In the present study, the deletions detected in the 6 extragastric GISTs comprised of 2-17 amino acid residues, and the average number of deleted amino acids was 9.2. The mean number of amino acid residues deleted from KIT was larger in extragastric GISTs than in gastric GISTs (p=0.0001), and the mean number of those was larger in small intestinal GISTs than in gastric GISTs (p=0.0007, Student's t-test).
The frequency of mutations in exon 9 of the KIT gene has been reported to be much lower than that of mutations in exon 11. As reported previously, mutations in exon 9 consist of identical tandem repeats of sequences encoding Ala-Tyr, which corresponds to codons 502 and 503 (16, 19) . GISTs with mutations in exon 9 of the KIT gene occur preferentially in the small bowel and behave aggressively (13, 16) . In contrast, other studies found no association of exon 9 with tumor location (20, 21) . In the present study, the 13 extragastric GISTs, including 9 GISTs localized in the small bowel, had no mutations in exon 9 of the KIT gene.
We found mutations in exon 13 of the KIT gene in 2 extragastric GISTs. Mutations in exon 13 are thought to be rare in GISTs. To our knowledge, there are <10 reported sporadic GIST cases with mutations in exon 13, and all have the same K642E substitution in the KIT protein (15, 16, 19) . Chen et al (22) reported a new coincident mutation in exon 13, V654A, in STI571-resistant GISTs after treatment with STI571. Recently, we reported two substitutions in exon 13 of the KIT gene, V643A and L647P, in gastric GISTs (12) . In the present study, we detected two additional substitutions, K642E and M651V, in exon 13 of the KIT gene (Fig. 2) . M651V has not been detected in GISTs previously.
Corless et al (23) reported that the majority of GISTs that were <1 cm in diameter contained mutations in exon 11 of the KIT gene, suggesting that KIT mutations are not size-dependent and most likely occur at an early stage in GIST development. In 4 of the 13 extragastric GISTs in the present study, we did not detect any mutations in exons 9, 11, 13, and 17 of the KIT gene or exons 12 and 18 of the PDGFRA gene. We considered these four cases as wild-type. As shown in Table I , the sizes and Ki-67 LIs of these wild-type tumors were smaller than those of tumors with mutations. The mean size of the wild-type GISTs was 3.3 cm (p=0.0088), and the mean Ki-67 LI was 1.0 (p=0.1277). There was a significant difference in tumor size, suggesting that wild-type GISTs are associated with non-aggressive clinical behavior.
Angiogenesis is essential for the growth, invasion, and metastasis of tumors (24) . MVD is a measure of angiogenesis and is considered a strong indicator of prognosis in patients with a variety of cancers (25) (26) (27) (28) (29) (30) . It has been reported that MVD and expression of vascular endothelial growth factors (VEGFs), a family of angiogenic factors, are associated with poor prognosis for patients with gastric GIST (31, 32) . Recently, Fukuta et al (33) estimated the angiogenic activity of GISTs with contrast-enhanced ultrasound (US) imaging and found that the US image is more closely correlated than histologic findings with final diagnosis. In the present study, we found that MVD in extragastric GISTs is significantly higher than that in gastric GISTs, suggesting that extragastric GIST is more aggressive than gastric GIST. However, further studies with large sample numbers and longer follow-up periods are needed.
In summary, mutations in exon 11 of the KIT gene are the most common mutations in both gastric and extragastric GISTs. However, the sizes of deleted regions (number of deleted amino acids) resulting from exon 11 mutations were larger in extragastric GISTs than in gastric GISTs. Extragastric GISTs exhibit greater angiogenesis than gastric GISTs. These results suggest that the malignant potential of GISTs in small bowel and rectum may differ from that of GISTs in the stomach.
